Abstract-Synthetic Aperture Radar (SAR) image with its advantages, becoming popular than the optical image. However, the speckle in causes difficulties in the interpretation and analysis during image processing. Thus, before the SAR images are used, speckle noise reduction is necessary. The ideal speckle filter has the main goal of reducing speckle noise without losing the information, content, and preserve the edges and features. Various noise filters have been designed for different purposes and different capacities. In this study, we discuss four filters, namely Lee, Frost, Median and Mean filter. We are analyzing quality parameter and comparing statistic performance of Lee, Frost, Mean and Median filters for SAR sample data. The results show MSE, PSNR, SNR, and AD value that generate by Frost filter performs better than the other filter. And from visual interpretation of the de-speckle image that filtered with Frost filter, show sharpen edge and preserved texture.
I. INTRODUCTION
Synthetic Aperture Radar (SAR) is one type of sensor for observation and characterization Earth's surface [1] . SAR sensor has several advantages such as, the ability to produce high spatial resolution images, observe in day and night and in all-weather condition [2] . SAR is categorized as an active sensor. As an active sensor, SAR sending electromagnetic waves toward the target surface and by coherently processing the returned backscattered signals from multiple distributed targets [3] .
Unfortunately, the SAR image suffers from additive and multiplicative noise. The additive noise comes from the receiver thermal noise. However, the image is mostly affected by multiplicative noise compared to additive noise. This multiplicative noise is also known as speckle noise. The speckle noise causes difficulties on interpretation, analyzing, detection and classification process of SAR image. [2] , [4] .
Original image with free of noise is required for better analysis of image. It is used to restore an original image from a noisy image by improving the visual qualities of the image. [5] Therefore, speckle reduction is become a commonly used routine pre-processing in (SAR) image. The objective of using a speckle reduction filter is to smooth homogeneous regions while preserving texture information and edges. Various researches have been conducted to reduce the speckle (despeckling). Several methods have been proposed with their own strength and limitation [6] .
In this paper, we use commonly adaptive spatial-domain filters for speckle reduction namely Lee filter [7] - [9] , Frost filter [9] - [11] , Mean filter [9] , [12] and Median filter [9] , [12] . The performance of these filters on 3x3 size of the moving window. The evaluation of filter performance includes several criteria such as, preservation of the mean, reduction of the standard deviation, preservation of the edges and texture preservation. And the main objective of the work presented is to perform an analysis and a comparison filters in ALOS-PALSAR data.
II. SPECKLE NOISE
Speckle noise in SAR images will degrades their quality and this is an undesired effect. This multiplicative noise is generated in the process of creating the image with coherent radiation [13] . SAR images also have statistical property, and most of the statistical models evolved from multiplicative noise model. That is the noise varies more quickly in the regions those image gray changes faster, and the speckle is more serious in the brighter regions. SAR image speckle is fully developed, so it can be established a multiplicative noise model as follow [8] .
.
( 1) where is the noise-affected signal and represents the original image, is speckle noise.
With speckle noise in SAR image, it makes difficulties in detection and classification [4] . Speckle noise must be eliminated as pre-processing SAR images. Speckle noise reduction is an important and essential procedure in most target detection and recognition systems. But the speckle reduction techniques may cause loss of image details such us edges or texture information [13] .
III. SPECKLE FILTERING
Filtering is a technique to remove unwanted information from an image, so as to make it more appropriate for the next step of the image processing [5] . The main objective of Speckle filtering is removing noise in uniform area, preserve texture and enhance the edge without changing features, and provide a good visual appearance. Speckle filtering works by moving a window over each pixel in the image. It moves along the image one pixel at a time until it fills the entire image. Window moves and applies a mathematical calculation and also substitutes the value of the window central pixel. As a result the smoothing effect and visual appearance reduced speckle is achieved [9] .
This section describe a short definition and mathematical formula of various speckle reduction filters.
A. Lee Filter
The Lee filters [8] , [9] compute a linear combination of the center pixel intensity in a filter window with an average intensity of the window for removing speckle noise. This filter based on the minimum mean square error (MMSE), and for producing speckle free image governed by the following relationship: (2) where is image value after being filtered and it's also the estimate value of , is the mean value of , and the weighting function is given by
where C v is the variance coefficient of noise-affected image with standard deviation, and C I is the variance coefficient of noise-free of local image with standard deviation.
B. Frost Filter
The Frost filter [2] , [3] is an adaptive and exponentially weighted averaging filter based on the coefficient of variation which is the ratio of the local standard deviation to the local mean of the degraded image. This filter response varies locally with the coefficients of variation. This means that at high coefficient variation, the filter attempts to preserve sharp features by retaining its original pixel value. At low coefficient variation, the filter is more average-like. This filter is described by mathematical expression below:
where a k is a normalization constant, is 4/ . / , Ī is the local mean, is the local variance, is image coefficient of variation, | | | | | | and is the moving window size.
C. Median Filter
The median filter [9] , [12] including is a spatial non-linear filter. For reducing pulse or speckle noise, this filter works by calculating the median value of its neighbors in the window for replacing the middle pixel value in the window.
This filter is capable to remove impulse or short duration noise, but it is not well suited for speckle noise. The common problems of this filter, its causes edge blurring, erasing thin linear features and object shape distortion. This filter also has high computational cost, and its time complexity is O(N•logN) for sorting N pixels.
D. Mean Filter
Mean filter [9] , [12] is a simple filter. This filter works by calculating the mean value of the pixels of neighbor window. Then the mean was used to replace the center pixel value window. This filter noise smoothing ability is good, but it also causes a reduction of detail and resolution.
IV. EVALUATION METRIC OF FILTERING
In this section, we present how to evaluate the performance speckle reduction filter for SAR image. We measure the value of MSE, SNR, PSNR and AD from SAR image [14] - [16] . This is done to measure the efficiency and ability of speckle reduction filter algorithms to enhance the image information.
A. Mean Square Error (MSE)
MSE is used to find the differences of the original image and de-noised image. MSE values indicate the differences between the original and filtered image. MSE is calculated as follows:
Highest MSE value is 225, and this means the original and filtered image completely dissimilar. Lowest MSE values are zero, and this means the original and filtered image completely identical.
B. Signal-to-Noise Ratio (SNR)
SNR is calculation ratio between the origin noise. SNR is used to evaluate the speckle redu of multiplicative speckle noise. SNR is calcula
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Higher SNR values show that the filtering eff filtered image quality is much higher.
C. Peak Signal-to-Noise Ratio (PSNR)
PSNR is a ratio between the maximum p the signal and the noise image. It is mea performance of the speckle noise reduction. T calculated as follows: 
o dissimilar image and its ar images.
V. RESULT AND DISCUSSION
In this section, we discuss the experimental results obtained by applying speckle reduction filters that described earlier in ALOS-PALSAR images with a size of 1225 x 2410 pixels. ALOS-PALSAR image area selected is a relatively flat area with an urban area in major, vegetation and sea area. ALOS-PALSAR image filtered using Lee, Frost, Mean and Median Filter, by using 3x3 windows size.
Evaluation measurements performed for each de-speckle image, which is used to compare the effectiveness of filter. In addition, it is important to evaluate the performance of some speckle reduction filter. Fig. 1 shows representative results of ALOS-PALSAR filtered images. In addition, in accordance with various performance metrics calculated for the filtered image and the data shown in Table I . From data that shown in Table I , the results for MSE, PSNR, SNR, and AD value, show that the Frost filter performs better than the other filter for ALOS-PALSAR image with speckle noise. Frost filter provide better image quality and best perform in speckle noise reduction.
By doing visual interpretation on de-speckle image, shows that the frost filter preserve the texture and sharpen the edge better than other filters. This is an advantage of frost filter, especially in ALOS-PALSAR data which requires clarity of the image for other processing.
VI. CONCLUSION
In this paper, the results show that the frost filters performs better then other filters, applied in ALOS-PALSAR image with windows size 3x3 filter. The results for MSE, PSNR, SNR, and AD value that generate by Frost filter performs better than the other filter. And the de-speckle image that filtered with Frost filter, show sharpen edge and preserved texture. With this advantage, Frost Filter can used for ALOS-PALSAR data processing which requires clarity of the image.
